Introduction
Hazardous waste is discharged in the environment in many forms like liquids, solids, gases, and sludge [1] . It can have an immediate and devastating impact on ecosystem like killing of plants and animals, making fish unfit for human consumption. Hazardous waste remains in the environment for a long time and in some cases for thousands of years. It may affect the environment in the form of hazardous gasses like; ammonia, aldehyde and amines etc. [2] [3] [4] Aldehydes are known to be highly toxic and corrosive, and even short-term exposure has major health risks. Consuming liquid aldehyde causes severe intestinal irritation and sometimes becomes fatal. Even at low levels, aldehyde gas causes eye, throat and skin irritation, nausea, wheezing and asthma attacks. Aldehydes are now classified as a known carcinogens, or cancer-causing agents, by the International Agency for Research on Cancer (IARC) [5] . The Environmental Protection Agency (EPA), for example, places a limit of 16 ppb (parts per billion) of aldehyde in the environment [6] .
Poly(pyrrole) and its derivatives have received a great deal of attention due to their high electrical conductivity, good environmental stability, relatively easy synthesis and good redox reversibility. These properties are favourable towards its applications in the areas of secondary batteries [7] , electro catalysis, electro chromic display devices, lightemitting devices, chemical sensors and biosensors [8] [9] [10] . However, the structure of poly(pyrrole) needs to be modified in order to be used in chemical sensor and biosensor fields since it has no functional group [11] . The conducting polymers also permit a charge transfer to produce electrochemical signals between the electrode and the immobilized biomolecules [12] [13] . Thus for biosensor applications, conducting polymers have been functionalized with carboxyl, amino, formyl or succinimidyl carbonate groups, and conjugated directly with various electronic mediators or bio-recognizable molecules to facilitate immobilization. However, conducting polymer based ion exchangers with polyvalent sites have been poorly reported in the field of gas sensing although some researchers have explored the electrical conductivity and sensing activity on the polymer based cation exchanger. In the present work, we have reported polypyrrole-Sn(IV)arsenotungstate nanocomposite cation exchanger with better ion exchange capacity (IEC) than other Sn(IV) based cation 60 exchangers reported earlier [14] . Formaldehyde, ammonia and mixed (formaldehyde + ammonia) solution vapour sensing on polypyrrole-Sn(IV)arsenotungstate nanocomposite cation exchanger are the sufficient part of our studies. Demineralised water (DMW) were used in the experimental work. All other reagents and chemicals were of analytical grade. Diffraction (XRD) was performed using Rigaku X-Ray powder diffractometer with Cu anode (Kα λ=1.54186 A°) using a PW, 1148/89 based diffractometer with Cu Ka radiations. Four in-line probe conductivity meter (scientific equipment Roorkee) was used for conductivity and sensing measurements. On the basis of high Ion Exchange Capacity (IEC) sample S-2 was selected for further studies. elute the H + ions completely from the cation-exchange column keeping a flow rate of ∼0.5 ml min −1 . The effluent was titrated against a standard 0.1 M NaOH solution using phenolphthalein as indicator [15] .
Preparation and ion exchange capacity (IEC

Preparation
On the basis of high ion exchange capacity and electrical conductivity sample Ppy-SnAT (P-2) was selected for further studies, results are shown in Table 2 .2. 
Characterization of Ppy-SnAT composite cation exchanger
The properties, particle size, morphology, thermal stability and the functional groups present in the prepared pure pyrrole, Sn(IV)arsenotungstate and Ppy-SnAT composite ion exchanger materials were characterized by using SEM (Scanning electron microscopy), energy dispersive X-ray (EDX) (LEO 435-VF), TEM (Transmission electron microscopy), XRD (X-ray diffraction), FTIR (Fourier transform infrared) and TGA (Thermo gravimetric analysis) techniques. Energy-dispersive X-ray (EDX) studies were also used to obtain composition ( 
DC electrical conductivity of Ppy-SnAT composite cation exchanger
DC electrical conductivity of Ppy-SnAT composite cation exchanger was measured by using a four-in-line probe. The sample of Ppy-SnAT composite cation exchanger was dried at 40− 50°C in an oven up to 2 h. 400 mg of the composite material was pelletized at room temperature with the help of a hydraulic pressure at 5 kN for 5 min. The conductivity (σ) was calculated using the following equations [16] .
Where 7 ( / ) is a correction divisor, which is a function of thickness of the sample, as well as probe spacing, where I, V, W, and S are current (A), voltage (V), thickness of the film (cm), and probe spacing (cm) respectively.
The isothermal stability of the pellet in terms of DC electrical conductivity retention was carried out on the selected sample at 50, 70, 90, 110, and 130 °C in an air oven. The electrical conductivity measurements were carried out at an interval of 10 min.
Formaldehyde, Ammonia and (Ammonia+Formaldehyde) vapour sensing measurements of Ppy-SnAT composite cation exchanger
The formaldehyde and ammonia gas sensing measurements were done by recording the electrical responses of the nanocomposite cation exchanger when exposed to varying concentrations of formaldehyde and ammonia, alternately returning it to air at room temperature. The sensing material was placed into the glass chamber and gently pressed by four-in-line probe to record the current-voltage characteristics using digital microvolt meter (DMV 001) and low current sources (LCS 02). The distance between sensing material and the solvent was kept 3-4 cm at the time of exposure to formaldehyde and ammonia on the sensing material at room temperature [17, 18] .
Result and Discussion
Synthesis and characterizations of Ppy-SnAT composite cation exchanger
In this study a novel organic-inorganic nano composite cation exchanger was introduced in the field of hybrid composites by the incorporation of organic polymer polypyrrole into the matrix of inorganic precipitate Sn(IV)arsenotungstate ( Table 2. and was found to be 2.50 meq/gm ( Table 2. 2) better than inorganic material Sn(IV)arsenotungstate (2.0 meq/gm). On addition of inorganic material in the formation of composite, the IEC increased due to more available exchangeable sites. On the basis of high IEC and electrical conductivity, PPy-SnAT (P-2) was selected for further study. The schematic representation of the formation of Ppy-SnAT nanocomposite cation exchanger is shown in Scheme. 2.1.
To explain the conduction mechanism in the conducting polymers, the concept of polaron and bipolaron was introduced. Low level of oxidation of the polymer gives polaron and higher level of oxidation gives bipolaron. Both polarons and bipolarons are mobile and could move along the polymer chain by the rearrangement of double and single bonds in the conjugated system.
The magnitude of the conductivity is dependent on the number of charge carriers available and their mobility. With the increase in temperature, the mobility of charge carriers increases, hence a rise in conductivity was observed. Another factor which also affects the electrical conductivity is the molecular alignment of the chains within the entire system. 
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It has also been revealed that after binding of polypyrrole with Sn(IV)arsenotungstate the morphology has changed and there is formation of new composite material.
From EDX results the percentage composition of the elements present in the pure Polypyrrole, Sn(IV)arsenotungstate and Ppy-SnAT composite ion-exchange material for C, N, O, Sn, As and W are given in Table 2 .3 and can be verified from Fig. 2.3 .
Fig. 2.1. Temperature dependence electrical conductivity of Pure polypyrrole and PpySnAT nanocomposite cation exchanger
Fig. 2.3. EDX images of (a) Pure Polypyrrole, (b) Sn(IV)arsenotungstate and (c) Ppy-
SnAT nanocomposite cation exchanger 68
Fig. 2.2. SEM images of (a) Pure Polypyrrole, (b) Sn(IV)arsenotungstate and (c) PpySnAT nanocomposite cation exchanger
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On the basis of EDX results the tentative structure of Sn(IV)arsenotungstate can be given as;
[(SnO 2 ) 2 (As 2 O 5 ) 2 (WO 3 )]
From TEM images shown in Fig. 2.4 it is clear that the Ppy-SnAT composite cation exchange material shows particle size in the range of 12.2, 13.9, 17.8, 18.6 and 21.2 nm.
Thus, the material can be referred as nanocomposite as the particle size lies between 1 to 100 nm. The TGA curve of Sn(IV)arsenotungstate inorganic material shows the weight loss upto 30% at 50-150 ºC due to the removal of external water molecules, however this material retain ~15% of mass after heating upto 400 ºC and further decomposition of the material ~43% was also observed upto 850 ºC.
In the case of Ppy-SnAT nanocomposite cation exchanger, the degradation starts from 50 °C as in the same case of above two materials, first the water molecules were removed then ~85% degradation of this material at 820 ºC is quite clear from the figure. Thus it is evident from the results of TGA that nanocomposite cation exchanger is as thermally stable as the inorganic material.
Electrical Conductivity Studies of Ppy-SnAT nanocomposite cation exchanger
It is quite evident from the results of 2.11(a, b) . Since ammonia and formaldehyde are the electron donating species, therefore conductivity decreases. In case of formaldehyde a rapid response in low concentration of formaldehyde vapor was observed but in the case of ammonia quick response was observed in high concentration.
The reproducibility in the response can be attributed to the adsorption and desorption of the analyte vapors during exposure and removal of vapors.
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It was observed that formaldehyde vapor sensing response was better and reproducible than ammonia vapor. The response of this polymeric sensor with fixed molarity of formaldehyde (0.2 M) and ammonia (1.0 M) mixture were also investigated as shown in Fig. 2.11 [c] . Formaldehyde is more polar and larger in size than ammonia. Hence it would interact more efficiently than ammonia. 
Fig
Sensing Mechanism
When small amount of ammonia comes in contact with conducting form of Polypyrrole, lone pair of ammonia interact with the positive charge of polaron and bipolaron of Ppy in Ppy-SnAT, which decreases resulting in the increase in resistivity. If high concentration of ammonia is exposed to conducting polymer, it is reduced to nonconducting form.
Since an increase in the resistivity of the material is observed. However the composite regains its conductivity on exposure to air [25] .
2 COH + Cl -is formed due to presence of Cl -in the material. But the material regains its conductivity. The mechanistic representation of the electrical compensation of polypyrrole with formaldehyde and ammonia is given in Scheme 2.2.
But in case of mixed solution of Formaldehyde and Ammonia an unstable compound methamine is formed which gives the resistivity [26] . The compound shows less sensing behaviour than Ammonia and Formaldehyde.
On exposure to the ammonia and formaldehyde vapour, adsorption of vapours take place by which plaron and bipolaron neutralises by the lone pair of ammonia and formaldehyde which results in increase in resistivity. When the material exposed to the air the desorption of vapour takes place by which resistivity of the Ppy-SnAT decreases.
Conclusion
In the present work, Ppy-SnAT nanocomposite cation exchanger was synthesized by in- 
